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Introduction  
 
Shellfish bed closures along the North Carolina coast have increased over the years seemingly concurrent with 
increases in population (Mallin 2000). More and faster flowing storm water has come to mean more bacteria, and 
fecal indicator bacterial (FIB) standards for shellfish harvesting are often exceeded when no source of contamination 
is readily apparent (Kator and Rhodes, 1994). Could management reduce bacterial loads if the source of the bacteria 
where known? Several potentially useful methods for differentiating human versus animal pollution sources have 
emerged including Ribotyping and Multiple Antibiotic Resistance (MAR) (US EPA, 2005). Total Maximum Daily 
Load (TMDL) studies on bacterial sources have been conducted for streams in NC mountain and Piedmont areas 
(U.S. EPA, 1991 and 2005) and are likely to be mandated for coastal waters. TMDL analysis estimates allowable 
pollutant loads and allocates them to known sources so management actions may be taken to restore water to its 
intended uses (U.S. EPA, 1991 and 2005). This project sought first to quantify and compare fecal contamination 
levels for three different types of land use on the coast, and second, to apply MAR and ribotyping techniques and 
assess their effectiveness for indentifying bacterial sources. Third, results from these studies would be applied to one 
watershed to develop a case study coastal TMDL. All three watershed study areas are within Carteret County, North 
Carolina. Jumping Run Creek and Pettiford Creek are within the White Oak River Basin management unit whereas 
the South River falls within the Neuse River Basin. Jumping Run Creek watershed encompasses approximately 320 
ha. Its watershed was a dense, coastal pocosin on sandy, relic dune ridges, but current land uses are primarily 
medium density residential.  Pettiford Creek is in the Croatan National Forest, is 1133 ha. and is basically 
undeveloped. The third study area is on Open Grounds Farm in the South River watershed.  Half of the 630 ha. 
watershed is under cultivation with most under active water control (flashboard risers). The remaining portion is 
forested silviculture.   
 
Methods  
 
In all three watersheds, sources of scat were collected and analyzed to develop a fecal source library. Flow weighted 
water samples from a minimum of 8 storms per year were collected from three automated stations in Jumping Run, 
one in Pettiford and one in South River. All samples were analyzed for fecal indicator bacteria (FIB), 10 E.coli 
isolates, nutrients, and sediment, but only FIB, E. coli-based multiple antibiotic resistance (MAR) and ribotyping 
results will be reported here. FIB and E. coli isolates were analyzed according to Standard Methods for the 
Examination of Water and Wastewater (APHA 17th Ed.). E. coli isolates were tested for MAR following the method 
of Parveen et al. 1997 with adaptations to the antibiotic panel and dosing regimen developed by the research team 
(White and Line, 2008). Ribotyping was performed following the methods of Parveen et al, 1999 also with 
modifications to the probe and isolation methods as developed by the research team (White and Line, 2008).  The 
TMDL modeling process used 5 years of rainfall, discharge, and pollutant level data from three locations in Jumping 
Run to provide an extensive data set for the development of the model. The approach employed is consistent with 
that recommended by the NC DENR TMDL modeling unit (Line, 2006). 
 
Results  
 
Annual pollutant export, computed from monitoring data, is shown in Table 1 for the three watersheds in this study. 
FIB export was much greater for the Jumping Run Creek monitored area than either of the other two.   
 
 
 
 
 
 
 
 
 Table 1: Flow and FIB Export by Watershed 
 
 
 
 
 
 
 
 
 
In Jumping Run dogs, cats, people, birds, and urban wildlife were the potential source of bacteria. Pettiford Creek, 
contained similar wildlife but without septic drain fields or domestic pets. Open Grounds Farm had similar species 
as Pettiford including abundant numbers of bobcat. The watershed MAR resistance indices are reported in Table 2. 
For the ribotyping a total of 991 isolates were ribotyped, of which 661 source isolates and 216 water isolates (total 
of 877) could be successfully ribotyped. Ribotypes were examined for clones within a sample. Often there were only 
one or two isolates that possessed a completely unique ribotype (Gooch et al., 2007). For the TMDL analyses, 
Jumping Run was used for the case study to take advantage of five years of data. There are no point sources in the 
watershed, so the TMDL considered only the load allocation and the margin of safety. The TMDL for Jumping Run 
was calculated using the state water quality criterion for FIB of 200 cfu/100 ml and the average daily mean 
discharge at each monitoring site (EMC1, EMC2, and EMC4). For example, at EMC2 the mean discharge was 3011 
m3/day or 1.23 cfs for the 5+ years of monitoring (Table 3). Using the appropriate conversion factors, then the 
TMDL at EMC2 is 6.02 x109 cfu or mpn/day. The TMDL’s for sites EMC1 and EMC4 were calculated in a similar 
manner using their daily mean discharges. Reductions in FIB counts required to attain the TMDL for each 
monitoring site are shown in the last column of Table 3. 
 
Table 2: MAR Resistance Indices by Watershed 
Watershed  Total Resistance % Grab % Storm % 
Jumping Run        
Scat Library 6 n/a n/a 
Water  12 15 11 
Pettiford       
Scat Library 9 n/a n/a 
Water 2 1 3 
South River       
Scat Library 5 n/a n/a 
Water 3 3 3 
 
Table 3: TMDL Loads for Jumping Run Creek Sites 
Sites Discharge Area TMDL Reduction 
 m3/day ha mpn/day % 
EMC1 909 65 1.82 x 109 86 
EMC2 3011 142 6.02 x 109 92 
EMC4 1026 32 2.05 x 109 83 
 
Conclusions  
 
Notably, Jumping Run Creek drains a much smaller watershed, yet has similar levels of total discharge and higher 
bacteria export relative to the larger watersheds in the study. This suggests that the more intensive land use in 
Jumping Run, with higher stores of available pollutants, and a more highly altered hydrology combine to deliver 
greater loads of bacteria to the estuary. Also, the MAR water sample indices were 12% resistant for Jumping Run, 
2% for Pettiford 2% and 3% for South River. These results were compared to reports in the literature for similar 
watersheds (Kaspar et al., 1990). Kaspar et al. 1990 noted in their studies that developed watersheds yielded an 
WS + Date Area/ha Dischg/in/yr FIB million/mpn/ac/yr 
Pettiford Creek 1133   
10/02-2/04  25.7 6,818 
Jumping Run 141   
12/98-2/04  30.6 74,820 
South River 254   
6/03-9/04  21.1 13,487 
 index of 9%, while rural watersheds were 3%. NOAA project partner Jan Webster (Webster et al., 2004) cited 
WWTP indices of 12%, developed land index of 3%, and rural land index of 1%. Notably, Jumping Run, at 12%, is 
comparable to site with potentially resistant bacteria sources such as pets or humans. However, the utility of MAR 
as a field tool for source tracking has been called into question on the tacit assumption that antibiotic resistance must 
be acquired from the host (Kenny et al., 2008). A publication by Moore et al. (2005) and Gordon (2001) on host 
specificity noted that host specific strains of indicator E. coli may not exist. However, project partner NOAA 
CCEBHRS performed the ribotyping which proved useful for identifying the sources of about half of the water 
isolates sampled. With ribotyping, though, there is clearly a trade-off between a large percent of possibly incorrect 
classified isolates or a large percent of unclassified isolates, depending upon what percent similarity coefficient cut-
off is acceptable for a “match” between an unknown bacterial isolate and a source isolate. Eliminating the 
cosmopolitan isolates from the library, requiring a 100% similarity match, or building a larger library (not practical 
for this study) may increase the number of library “matches”. However, on the coast, where surface and ground 
waters co-mingle in flooded lawns and stagnant ditches, scat from wildlife, pets and human sources mix. This 
provides an opportunity for bacteria from a variety of sources to settle in the sediment, re-grow, and potentially 
swap DNA. This cosmopolitan characteristic of coastal bacteria further confounds efforts to identify host specificity 
(Gooch et al., 2007). However, the source may not matter. The TMDL study noted that the FIB levels are so 
significantly high, that management methods would need to achieve an 81-92% reduction in bacterial loading for the 
watersheds to obtain compliance with state regulations for their ascribed use. This exceeds the performance measure 
for any current management strategies available to treat stormwater. This means that to improve coastal waters, the 
amount of both waste and storm water we are trying to manage through infiltration needs to be greatly reduced.   
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